Background Displaced scapular body fractures most commonly are treated conservatively. However there is conflicting evidence in the literature regarding the outcomes owing to retrospective design of studies, different classification systems, and diverse outcome tools. Questions/purposes The functional outcome after nonoperative management of displaced scapular body fractures was assessed by change in the DASH (Disability of Arm, Shoulder and Hand) score; (2) the radiographic outcome was assessed by the change of the glenopolar angle (GPA); and (3) associated scapular and extrascapular injuries that may affect outcome were identified. Patients and Methods Forty-nine consecutive patients were treated with early passive and active ROM exercises for a displaced scapular body fracture. We followed 32 of these patients (65.3%) for a minimum of 6 months (mean, 15 months; range, 6-33 months). Mean age of the patients was 46.9 years (range, 21-84 years) and the mean Injury Severity Score (ISS) was 21.5 (range, 5-50). Subjective functional results (DASH score) and radiographic assessment (fracture union, glenopolar angle) were measured.
Introduction
Scapula fractures are commonly the result of high-energy injuries [4, 25, 37] . Associated injuries are frequent. Most commonly the body of the scapula is involved and nonoperative management remains the mainstay of treatment for these fractures [42] . As these patients are usually highdemand young adults, it is important to ensure treatment will have a satisfactory outcome [42] .
Although there are numerous studies reporting the results after nonoperative treatment of scapular body fracture, most are retrospective, and use different classification schemes and outcome instruments [1, 4, 15, 25, 26, 28, 36, 39] . For example, one study [28] reported on 129 patients with scapular fractures managed nonoperatively. Nineteen of these were displaced body fractures. Seven were available for clinical evaluation; three were rated as good outcomes and four as fair outcomes. In another study [1] , 24 patients with displaced scapular neck and scapular spine fractures were analyzed. In this study a classification scheme was devised in which most of the fractures classified as scapular neck fractures would be described as body fractures using the current AO/OTA classification scheme. This study included pediatric patients and penetrating injuries. Two recent outcome studies with retrospectively collected data did not use CT scans to map the fracture [15, 36] .
Identification of scapular fracture lines and injury classification based on plain radiographs are not reliable owing to significant bony overlap [3, 9] . The outcome after a scapular body fracture may be affected adversely by other simultaneous scapular injuries not identified on radiographs, and only during the last few years has the importance of the superior shoulder suspensory complex been elucidated. To address these issues we conducted a study through a prospectively collected database using a uniform protocol for CT imaging, treatment, and outcome assessment.
The objectives were to (1) determine the functional outcome after nonoperative management of displaced scapular body fractures as assessed by change in the DASH score; (2) determine the radiographic outcome assessed by the change of the GPA; and (3) identify associated scapular and extrascapular injuries that may affect outcome.
Patients and Methods
This prospective cohort study was performed at our Level 1 trauma center between November 2005 and August 2008. The study was approved by our Institutional Review Board and all participants provided written informed consent. During the study period, adult patients presenting to the emergency room with a scapular fracture were enrolled in a database. Exclusion criteria included significant neurologic injury (brachial plexus, cervical cord, traumatic brain injury) or upper extremity amputation. Five patients with a severe traumatic brain injury, one patient with an upper extremity amputation, and one with a brachial plexus injury were not included in the study. On admission, bilateral shoulder (AP, axillary views) and scapular (AP, transscapular Y) radiographs were assessed. When a scapular fracture was identified, a CT scan with coronal, sagittal, and three-dimensional reconstructions was performed to further evaluate the fracture. Patients were asked to rate their preinjury upper extremity function according to the DASH questionnaire. This was done either at the time of initial admission or during the first office visit 2 weeks after discharge from the hospital, depending on the patients' general status and ability to complete the questionnaire. The ISS [5] also was recorded, as obtained from our trauma registry.
Of 124 consecutive patients with scapular fractures, 99 had involvement of the scapular body. Of these, 53 had substantial displacement (defined as a fracture with at least 100% and/or 1 cm displacement). There were four patients with a concomitant glenoid fracture requiring open reduction and internal fixation, and these patients were excluded from the study. Overall, 49 patients with displaced scapular body fractures were treated nonoperatively. There were no patients with bilateral injuries in this group. Fifteen patients were lost to followup and two died within 6 months from the injury, leaving a total of 32 patients for the final analysis. Fractures were classified according to the AO/OTA classification using radiographs and CT scans [24] . This classification system uses an alphanumeric code. Number 14 is the bone designator for scapula; A designates extraarticular injuries, B partial articular, and C articular fractures. The number following the letter specifies the area where the fracture is, and 14-A3 is used for a scapular body fracture. Further subdivision describes comminution (14-A3.1 for noncomminuted and 14-A3.2 for comminuted scapular body fractures). 14-C3 designates a glenoid with a scapular body fracture.
The following data points were recorded: ISS, angulation greater than 20°in any plane, change in GPA as compared with the opposite side, type of fracture according to AO/OTA classification, involvement of the superior border of the scapula (supraspinatus fossa, acromion, spine, coracoid process), presence of superior shoulder suspensory complex (SSSC) injury, presence and number of ipsilateral rib fractures, and presence of ipsilateral clavicle or other upper extremity fractures. Not all clavicle fractures with scapular body fractures create a double disruption of the SSSC. For this to occur, the scapular body fracture line must traverse the lateral scapular body and exit superiorly to the scapular spine or acromion. This fracture pattern can be identified easily on CT scans.
In seven patients, the fracture pattern extended into the suprascapular fossa. Eleven patients had greater than 20°a ngulation of the body as evident in the transscapular Y view and/or the sagittal CT reconstructions. There were 16 AO/OTA 14-A3.1 (noncomminuted scapular body fracture), 13 14-A3.2 (comminuted scapular body fracture), and three 14-C3 (scapular body and glenoid fractures) with greater than 2-mm displacement of the intraarticular component. Owing to other substantial injuries, these patients with articular fractures were treated nonoperatively and included in the study. As this is not a long-term study, posttraumatic arthritis attributable to the presence of an intraarticular fracture would be unlikely to affect the outcome. We included these patients with glenoid fractures as part of the SSSC injury spectrum, in the same way we included patients with a clavicle or scapular neck fracture.
All but one patient had sustained a closed injury. In our series, nine patients had double disruption of the SSSC (four patients with a fracture of the clavicle and lateral body of the scapula or spine of the scapula; one with fracture of the clavicle, glenoid, and lateral body of the scapula; one with fracture of the clavicle, spine of the scapula, glenoid neck, and acromioclavicular joint disruption; one with a base of coracoid and glenoid fracture; one with a glenoid and lateral scapular body fracture; and one with a base of coracoid and glenoid neck fracture).
Associated injuries were common (Table 1) . Overall, 11 patients had a concomitant ipsilateral upper extremity fracture: eight patients had a clavicle fracture (five treated nonoperatively and three with open reduction and internal fixation), one with a proximal humerus fracture (nonoperative treatment), one with a distal radius fracture (nonoperative management), and one with a ring finger extraarticular proximal phalanx fracture (open reduction and internal fixation). Seventeen patients sustained ipsilateral rib fractures. The number of fractured ribs varied from one to nine ribs.
The minimum followup was 6 months (mean, 15 months; range, 6-33 months). The mean age of the patients was 46.9 years (range, 21-84 years), and the mean ISS was 21.5 (range, 5-50). There were 19 polytraumatized patients (ISS [ 18) [8, 19, 31, 33] .
All patients had formal physical therapy that started 2 weeks after discharge from the hospital. After 2 weeks of immobilization in a sling, passive and active ROM exercises were initiated. Strengthening exercises started 8 weeks from the injury. There was variability in our rehabilitation protocol involving the time to ROM exercises which in turn depended on the length of hospital stay owing to other associated injuries.
Repeat radiographs and the self-administered DASH questionnaire were obtained at 6 and 12 months postinjury and at the time of last followup. The DASH has the ability to detect changes corresponding to the patients' perception before and after an intervention in various upper extremity disorders [16] . Studies have examined the validity of the DASH questionnaire to measure a self-rated health change [16] . A 10-point difference in DASH score generally is considered a change with minimal importance, a 15-point difference can distinguish between patients with improvement and those without improvement, and a 19-point score change signifies a much better or much worse outcome [16] .
The change in GPA (GPA opposite side À GPA affected side) was calculated on an AP plain radiograph in the scapular plane during the last followup. This angle is defined by three points: the inferior-most part of the body and the superior and inferior points of the glenoid. This angle measures the obliquity of the glenoid articular surface in relation to the scapular body [6, 35] . Either a glenoid neck fracture or a displaced fracture of the body of the scapula can alter this angle, and in turn, this may cause shortening of the lever arm of the rotator cuff muscles with loss of the mechanical advantage and cuff dysfunction.
A linear regression analysis was used to determine whether an association between the change in the patient's DASH score and the following independent variables existed: patient's age, ISS, extension of the fracture to the suprascapular fossa, presence of a fracture only in the body of the scapula, presence of scapular body comminution, angulation greater than 20°, change of GPA, fracture of the ipsilateral extremity, fracture of the ipsilateral clavicle, and presence of ipsilateral rib fractures. A one-sample t test was used to determine if there was a difference in the outcome between patients with and without injury to the SSSC. A linear regression test was conducted to determine if side of injury and hand dominance had a correlation with change in DASH score. Analysis was done using SPSS (SPSS Inc, Chicago, IL, USA). 
Results
All fractures healed uneventfully. One patient required an additional procedure (manipulation under anesthesia for arthrofibrosis of shoulder). The mean change in GPA (compared with the contralateral side) was 9°(range, 0°-20°). The mean preinjury DASH score was 1.5. The mean change in DASH score (last DASH À preinjury DASH) was 10.2. The mean change in DASH score in the subgroup with SSSC injury was 12.4 whereas the respective value for patients without this injury was 9.4. These values of DASH score do not signify any clinically important change. Statistical analysis revealed an association between the change of DASH score and two of the independent variables: ISS (p = 0.02) and presence of rib fractures (p = 0.01). Those two variables were independent of each other.
There was no association between the final clinical outcome and the following variables: age (p = 0.091), hand dominance (p = 0.185), presence of scapular body comminution (p = 0.079), magnitude of change of the GPA (p = 0.672), angulation (p = 0.485), extension of the fracture to the suprascapular fossa (p = 0.326), fracture only in the body of the scapula (p = 0.278), and presence of a clavicle or other ipsilateral extremity fracture (p = 0.274).
Discussion
Displaced scapular body fractures occur most commonly in the context of a polytraumatized patient and traditionally have been managed nonoperatively. Outcomes have been reported but most studies are retrospective, and use different classification schemes and outcome instruments [1, 4, 15, 25, 26, 28, 36, 39] . We therefore used a prospectively collected database and a uniform CT protocol to (1) evaluate the functional outcome after nonoperative management of displaced scapular body fractures as assessed by change in the DASH score; (2) determine the radiographic outcome assessed by the change of the GPA; and (3) identify associated scapular and extrascapular injuries that may affect outcome.
Shortcomings of our study include the lack of objective measures of shoulder function such as strength and ROM. Our intention was to evaluate the functional outcome of patients with displaced scapular body fractures as this is more clinically meaningful. Moreover, the DASH score has been found to correlate with shoulder strength and external rotation ROM [13] . Another limitation of this study is the absence of MR images to assess the rotator cuff integrity or any subacromial impingement. Nevertheless, during the course of the study, none of the patients required any additional diagnostic or therapeutic procedures to address rotator cuff disorders. We did not measure glenoid medialization in this study. There is a theoretical concern that medialization of the glenoid causes dysfunction secondary to shortening of the effective muscle length [9] . However, this has not been proven in clinical studies. Moreover, there is evidence supporting that medial translation of the glenoid does not occur, but rather lateralization of the scapular body takes place [29] . Absence of a control group (patients treated operatively) is another shortcoming. Finally, weaknesses of the study are the low and short followup rates and therefore a selection bias cannot be excluded.
In a recent systematic review of the literature, the average age of patients with scapular fractures was 38 years [42] . In our study this was 46.9 years. This difference probably is attributable to the fact that some studies include pediatric patients with skewing of the mean age [1, 15, 25, 26, 40] . In our study, mean age compares with those in other studies not including pediatric patients [35, 36] .
We found satisfactory clinical outcomes with nonoperative management of these fractures with a mean change in DASH score (last DASH À preinjury DASH) of 10.2. The DASH questionnaire has been used for patients with upper extremity trauma [12, 14, 20, 27, 34] , and is the most validated measurement tool of function in upper extremity disorders [10] .
Nonsurgical management avoids general surgical risks (painful hardware [22] , infection, brachial plexus palsy [2] , hematoma [17, 29] ) and risks associated with the posterior Judet approach especially when excessive dissection for exposure of the infraspinatus fossa is required (risk of iatrogenic damage of the infraspinatus branch of the suprascapular nerve and scar formation along soft tissue planes [12, 18] ). Other authors have reported good outcomes with nonoperative management of scapular body fractures [4, 25, 26] . In a systematic review of 123 scapular body fractures treated nonoperatively, it was found that excellent or good results were achieved in 86% of cases [42] .
There are published studies in which patients with scapular neck fractures and a GPA less than 20°had less favorable outcomes (more pain and reduced activities of daily living) [7, 35] . In our study the change of GPA did not affect these parameters as tested with the DASH questionnaire. This is because in our patients, the change of GPA is attributed more to rotation of the inferior scapular body than a true malrotation of the glenoid cavity and therefore the lever arm of the rotator cuff is less affected.
The importance of the SSSC has been recognized. It is a bony-soft tissue ring formed by the acromion, distal clavicle, coracoid, glenoid and acromioclavicular, coracoacromial, and coracoclavicular ligaments. The ring is between two bony struts: the midclavicle (superiorly) and lateral scapular body and scapular spine (inferiorly) [41] .
Disruptions at two or more osseoligamentous structures may create a ''floating shoulder.'' There is insufficient evidence regarding the best practice for double disruptions of the SSSC. Biomechanical data suggest fracture of the clavicle and scapula neck does not produce instability unless there is disruption of the coracoacromial and acromioclavicular ligaments or the coracoacromial and coracoclavicular ligaments [41] . However, the possible combinations of a double disruption of the SSSC are numerous and there are only small clinical series available [11, 12, 21, 23, 30, 32, 38] . Most of these studies examined the clinical scenario of the clavicle with a scapula neck fracture. Results were satisfactory with operative and nonoperative approaches. In our study, the subgroup of patients with a SSSC injury had a 12.4-point change in DASH score which is a change with minimal clinical importance. As the patterns of double disruption of the SSSC are numerous, we suggest that treatment decisions should be made on a case-by-case basis, assessing the injury pattern, the overall status of the patient, age, and functional demands.
The combination of a displaced scapular body fracture and underlying multiple rib fractures implies greater soft tissue damage, more scarring, and impeded scapulothoracic motion. This may explain the worse outcome in this subset of patients.
We found that patients with a greater ISS on admission had a worse functional outcome. This is not an unexpected finding. A patient with severe associated injuries is likely to have suboptimal rehabilitation of the extremity injury [26] . Our results are in agreement with those of a recent retrospective study on outcomes of nonooperatively treated scapular body fractures in which polytraumatized patients had worse outcomes than patients with isolated scapula injuries [15] . Similarly in another study of conservative treatment of scapular neck fractures, associated injuries were associated with worse functional outcome [7] .
In our patient group, there were no nonunions or secondary procedures to correct malalignment of the scapular body. One of the patients with a clavicle fracture treated with open reduction and internal fixation had shoulder arthrofibrosis develop and required manipulation under anesthesia. Even in cases with severe displacement or angulation, patients had only minimal complaints of a grinding sensation with no compromise of function ( Fig. 1) .
Our experience suggests that satisfactory functional outcomes can be achieved after nonoperative management of displaced scapular body fractures. High ISS and presence of rib fractures are associated with a less favorable outcome. Future studies comparing conservative versus operative treatment will help clarify which fracture characteristics would benefit from surgical intervention.
